Optimisation of pick up and detection techniques for observation of " Schottky " signals in bunched beams is discussed.
Bunched Beam Schottky Signals
Consider a tranverse resonant, high frequency pick-up excited by an off center particle (charge e, displacement xt) and assume that the output waveform is an RF burst of amplitude v and duration T in a load Ro = 50 ohms ( At the output of the first RF amplifier, noise figure 3dB, where the bandwidth is limited with a filter to B Hz we also find a fluctuating component due to the thermal noise of the amplifier. Referred To optimize, we must carefully select the filter bandwidth B as the thermal noise power increases linearly with B whereas the burst amplitude (and the fluctuating part) is a non-linear function of B which approaches a maximum. This is a well known problem in radar signal detection, the solution being the "matched filter" where impulse response is the time reversed image of the pulse to be detectedC13. F'or our idealized rectangular burst, the matched filter bandwidth B is simply the inverse of the pulse length: B = l/T. In other words B becomes the minimum bandwidth for which the RF burst amplitude is negligibly attenuated after time X (Fig, 1) synchrotron motion: the periodicity of the betatron oscillation is therefore 2 f5 and no odd multiples of f5 will appear in the spectrum. One obtains the same result with in phase synchronous detection, using an RF reference linked to the synchronous particle,for example an appropriate multiple (at fpu) of f0 or a signal derived from the bunch itself. The odd satellites would be displayed with a quadrature synchronous detector .
At high frequencies, the Schottky band may contain several overlapping synchrotron satellites making interpretation of the spectrum difficult. In particular to observe the central line, which gives information on the incoherent tune and tune spread, the rejection of the first synchrotron satellites by amplitude detection is a very useful feature (Fig. 3) The term v2/2R. is the power in the load when excited by charge q displaced by x, and therefore the quantity v2r/2Ro is the total energy W delivered to the load. Assuming negligible power loss in the pick-up, W is also the energy deposited in the structure by the charge q. For a longitudinal mode, the energy lost by a charged particle passing through the structure is characterized by the loss factor k. Similarly, for a transverse mode, we write:
and find that the pick up factor of merit is nothing but the loss factor for the corresponding transverse mode of the pick up structure.
For a given periodic structure,m is proportional to the pick up length as the total energy deposited by the charge in the structure is proportional to the number of cells. With this arrangement, each cavity is also a long (20m) horizontal travelling wave pick up (fpu = 460 MHz). Although the antenna matching is not perfect, it is sufficient to provide 10 -20 dB directivity and allow separation between proton and antiproton signals. However, time separation is more efficient in obtaining clean signals from one type of particle. This is possible because cavities are installed on either side of the intersection point: depending on the cavity, the proton or the antiproton signal arrives first, uncontaminated by the other signal. Amplitude detection is simply done with a biased diode followed by a low noise preamplifier, the output sampled and held at fo.The sample and hold circuit has three separate outputs corresponding to the three proton or antiproton bunches in the machine. We have checked, measuring and calculating the rms noise levels at various points of the chain that the dominant source of noise is indeed the RF preamplifier (noise figure 4 dB).
Natural and excited Schottkv signals Another rejection technique has been successfully tried on the SPS. The signal from one bunch or from the sum of all bunches is used to suppress the coherent excitation by a feedback loop actin; on the beam at 13 kHz via a directional kicker 16]. The coherent signals are cancelled whereas the Schottky components add quadratically.
We have checked that the "natural" Schottky signals are independent of bunch shape. By shaking one of the three bunches with the RF system one can reduce its 460 MHz longitudinal component by a substantial factor (> 3) at constant intensity. The line related and coherent components are reduced by the same amount, but the incoherent part changes very little, as expected.
There is experimental evidence that higher exciting frequencies are present (for instance a phase shift of 2w/3 between bunches has been observed). For those frequencies, and also in the case of unequal bunches, the simple method of substracting the signals from two bunches fails. However, more refined signal processing techniques can be considered to extract the correlated and uncorrelated To distinguish between "natural" and excited signals, consider first the case of a single frequency fe in the vicinity of fp. The three SPS bunches are excited in phase, and provided they are identical in shape, number of particles and emittance, the three signals given by the 460 MHz system are the same. Substracting the signals of two bunches cancels the coherent (excited) part and adds quadratically the incoherent (Schottky) components. The result is spectacular (Fig. 4) showing not only the large reduction of most of the 50 Hz lines, but even more interesting the difference between the incoherent tune (Schottky signal) and the coherent tune (excited signal). The signal given by the 10.7 MHz narrow band system is essentially the excited signal (coherent tune), whereas, with the new 460 MHz bunched beam Schottky system,the coherent and incoherent tunes can be measured directly.
The new 460 MHz System is a powerful tool for observation of coherent and incoherent motion in a particle bunch. Measurement of tune shifts and spreads hopefully leads to better understanding of transverse impedance, 
